The anaesthetic management of patients requiring surgical correction of idiopathic scoliosis using the Harrington Rod Instrumentation Technique is discussed. Special emphasis is made of the need to minimise blood loss, to limit homologous blood transfusions and to prol'ide adequate postoperatil'e analgesia.
INTRODUCTION
Progressive thoraco-Iumbar spinal deformities in children can lead to respiratory and cardiac embarrassment unless halted by orthopaedic intervention (Chapman 1939) .
Cosmetic factors and chronic back pain are usually the presenting features, and although these may occur at an early age they are more commonly present during adolescence. Over 75 % of children presenting with idiopathic scoliosis do so during the period of maximum growth. This adolescent growth spurt coincides with the female menarch and sex identity, creating great demands on protein synthesis and collagen production (H arrington 1977) . This may account for the much higher incidence of idiopathic scoliosis in girls than in boys, a ratio of 4: I (Harrington 1977) .
Many of these children are treated conservatively at first particularly if they present under 10 years of age, management being with a pelvi-occipitomental plaster jacket until the child is old enough for a Milwaukee Brace (Hopper 1977 , Winter 1968 . Although fusion can be successfully performed before seven years of age, instrumentation is usually delayed until adequate skeletal maturity has b~en attained. This appears to be 12 years of age or over for girls and a year later for boys (Piggott 1976 ), The operation is performed when the cosmetic appearance of the curve or the hump becomes unacceptable.
ANAESTHETIC CONSIDERATIONS
Age: The majority of these patients are adolescents, a period of emotional instability, Although they may not be fully aware of the extent of the surgery, they will have been told that their activities will be limited for a period of time extending to several months, It is essential that the whole surgical team establish a good rapport with the patient, this includes the anaesthetist as much as any other member of the team, If several anaesthetics are necessary these should be administered by the same anaesthetist.
Blood Loss:-
Reported surgical blood loss varies considerably and appears to depend as much on the surgical team as the choice of anaesthetic technique,~ Most reports indicate that a peroperative blood loss of over 800 ml should be expected or at least 25 % of the patient's blood volume (Letts 1974 , Bjeikrein 1976 , Dickson 1973 , Wilson 1971 , and adequate resources must be available to maintain the blood volume.
Hazards of Blood Transfusion:-
Because the majority of these patients are girls, the administration of homologous blood AI1(1l'.\{/le.\;a and /11('11.\;1'(> ClIre, Vol. ~'Il. No, 2, ,Har, 197<) can prod~ce allo-immunization causing problems In future pregnancies. Blood transfusion is frequently necessary and donor blood is routinely matched for A, B, 0 and Rhesus D / d only before compatibility testing. However allo-immunization can occur with any of the other Rhesus antigens as well as with Kell, Duffy and Kid antigens; all are capable of causing haemolytic disease of the newborn (Cockburn 1974) . This problem can be avoided if autologous blood is used, as can the problem of transmitting infection (Cowell 1974 , McKittrick 1974 . Auto Transfusion Programme: During the immediate preoperative period most of these patients are either hospitalized or make frequent visits to the hospital. This provides a convenient opportunity to arrange for autotransfusion which is recommended for all patients over 30 kg in weight. Phlebotomy is performed on the 9th and 3rd preoperative day, and 10 ml/kg up to a maximum of 400 ml of blood are collected on each occasion in acid citrate dextrose storage solution.
Experience in this hospital shows a mean fall in the haemoglobin from 13.9 to 12.3 gm %, this is similar to the 1.8 g % fall in the haemoglobin reported by Cowell and Swickard (1976) . The patients are commenced on a course of ferrous gluconate tablets from admission.
Postoperative Pain:-
The Harrington Rod instrumentation procedure for correction of scoliosis involves an extensive incision down the whole length of the thoraco-lumbar spine, and bone is usually taken from one of the iliac crests for bone grafting to complete fusion.
Although the patient is immobilized in a plaster jacket or rotating bed, she can still experience considerable pain particularly when supine, and adequate analgesia is essential. A continuous narcotic infusion can be titrated to meet the patient's needs and will provide steady, adequate, analgesia without the swinging blood level found with intermittent administration of narcotics (Editorial 1976).
ANAESTHETIC MANAGEMENT
At the preoperative visit the anaesthetist should make a careful assessment of the cardiorespiratory state of the patient paying particular attention to respiratory function. Pulmonary function studies have indicated a decrease in lung volumes, particularly in vital Anaesthesia and Intensive Care, Vol. VII, No. 2, May, 1979 capacity, and an associated reduction in pulmonary diffusing capacity (Gazioglu, 1968) . The child with gross scoliosis may have difficulty in breathing particularly if the diaphragmatic component of inspiration is restricted when lying in the prone position or within a plaster jacket. As the blood pressure is to be measured by arterial cannulation, the collateral circulation of the hands should be evaluated using the modified AlIen's test (Oh 1975) .
A mild hypnotic, nitrazepam 5 mg, is prescribed for the preoperative night; papaveretum and hyoscine are given as premedication an hour before leaving the ward.
If the patient is in halo-femoral traction the weights attached to the halo are reduced prior to induction to avoid damage to the cervical cord when muscle paralysis occurs. Anaesthesia is induced with an intravenous induction agent and a relaxant can be given at the same time. Alcuronium or d-tubocurarine have been found to be the best muscle relaxants. The patient is intubated and the endotraoheal tube tied securely in place. This is important as the patient will be in a prone position during the operation and salivation will affect the adhesiveness of sticking plaster. If the endotracheal tube becomes dislodged this may present major problems particularly after the operation has begun, An oesophageal stethoscope is used to monitor heart sounds and ventilation. The ECG and nasopharyngeal temperature are also monitored. A wide bore intravenous cannula is inserted for administering fluids and a radial artery is cannulated for direct blood pressure recording.
Having secured these lines thoroughly the patient is placed prone on the operating table lying over a Hall rest to support the chest and pelvis while avoiding any pressure on the abdomen. If traction is required during the procedure, the reduced halo and femoral weights are reapplied at this stage.
Hypotension : -
Once the correct position on the table has been secured and satisfactory ventilation established, the response to induced hypotension should be observed. Sodium nitroprusside (SNP) is the agent of choice (Wildsmith 1973) provided the total dose is kept below 3 mg/kg or 10 p.g/kg/minute. The blood pressure is lowered to between 50 mmHg-60 mmHg systolic by continuous infusion of 1. 1. CHURCH AND G. M. DAVIDSON SNP in a 0.01 % solution made up by adding 50 mg of SNP to 500 ml of 5 % dextrose. This is given through a microdrop dispenser. The acid-base state is measured at the start of the procedure and the arterial/venous oxygen difference is also determined before the infusion of SNP is started. Blood gases are measured after the first hour and repeated half hourly until the rods are in place and grafting has been completed -a period of about two hours. If there is any sign of tachyphylaxis to SNP, or a progressive metabolic acidosis presumed to be due to cyanide accumulation and intracellular anoxia, the infusion is stopped. In none of our patients has this situation arisen. Halothane in a concentration of 0.5 % to 1.0%, provides a deeper level of anaesthesia and reduces the required dose of SNP. Increments of muscle relaxants are administered to maintain full muscle relaxation throughout the procedure thereby avoiding any rise in inflation pressure with consequent increase in venous bleeding. Moderate controlled hypotension is an aid to surgery and shortens the procedure. More importantly it reduces the blood loss and consequent need for blood transfusion. Provided autologous blood is available the need for homologous blood is markedly reduced as shown in our requirements for 1977.
Analgesia:-
Preoperative analgesia is provided by a narcotic which can be continued to provide analgesia postoperatively in the form of a continuous narcotic infusion. Pethidine, diluted in a solution of 0.6 mg per ml (600 mg/ 1000 ml compound sodium lactate) is infused via a Metriset microdrop dispenser at a rate of t mll kg/hr or 0.3 mg/kg/hr. This can be given via a side arm of the maintenance infusion and its rate of dosage is therefore independent of the rate of postoperative fluid requirements. The infusion rate can be varied if necessary and boluses given to cover painful procedures such as turning and physiotherapy. It is imperative that the postoperative period be as pain free as possible. Table ] summarizes the details of the 16 Harrington Rod Instrumentations done at The Prince of Wales Hospital, Sydney, during 1977. Of the 16 patients, three were under 30 kg and two of these were given homologous blood transfusions. The third only lost 210 ml at operation and so was not transfused. Of the 13 who embarked on the autotransfusion programme only one received homologous blood, due to failure of the Blood Bank refrigerator with loss of autologous blood.
CONCLUSION
The anaesthetist can contribute to the overall success of spinal surgery in children by providing the surgeon with ideal operating conditions, by minimizing blood loss, by using autologous blood for transfusion and by paying special attention to the patient's psychological stress and need for continuous and effective postoperative pain relief. 
